Abstract-Coordinated Multi-Point transmission/reception (CoMP) can increase the performance of the cell edge users, the spectrum efficiency and mitigate the inter-cell interference among cells. In the CoMP scenario, several base stations which usually need satisfy the cooperating condition serve a single or several cell-edge users cooperatively. As we know, the CoMP techniques can be characterized into many classes. For the joint transmission system which is a classical CoMP system, a large number of data sharing and channel information exchange will be needed, where the system inevitably become comparatively complex. However, in this paper, the coordinated beam forming system will be considered, where several base stations cope with the inter-cell interference among cells, and all the base stations will only exchange the channel information. Further, the downlink multi-cell coordinated beam forming system is considered in this paper. In this downlink multi-cell coordinated beam forming system, it is crucial to design appropriate pre-coding schemes that are able to mitigate the inter-cell interference. In obtainable pre-coding schemes, the Signal-to-leakage-and-noise ratio (SLNR) pre-coding scheme is a promising pre-coding scheme in downlink multi-cell coordinated beam forming system, which makes closed-form solution accessible. Moreover, the problem in designing the pre-coding vectors is not a coupled problem since the cooperative base stations need not optimize the pre-coding vectors jointly, which are responsible for their own design of pre-coding vectors, that is, they will just carry out independent optimization. In this paper, we proposed a novel pre-coding scheme based on the SLNR scheme, which will determine the pre-coding vectors via iteration. The simulation results show that, the proposed method outperforms the conventional SLNR pre-coding scheme in bit error rate performance..
I. INTRODUCTION
According to the relevant protocol and standard of the next generation mobile communication system, the LTEAdvanced systems utilize orthogonal frequency division multiplexing (OFDM) on the downlink and single-carrier frequency division multiplexing (SC-FDM) on the uplink [1] . Therefore, in the next generation mobile communication system which will use the LTEAdvanced technology, the intra-cell interference can be eliminated since the data intended to different users is transmitted at orthogonal subcarriers via SC-FDMA or OFDMA technique [2] . However, the inter-cell interference especially for the users at the cell boundary is the main reason for decreasing the system performance. In order that the system has certain immunity to inter-cell interference, Coordinated Multi-Point transmission /reception (CoMP) was put forward by 3rd Generation Partnership Project as one of the promising inter-cell interference mitigation techniques in March, 2008 . To meet the performance requirement, 3rd Generation Partnership Project brought forward the future advancement of long term evolution techniques (LTEAdvanced), which ITU proposed for IMT-Advance system [3] . Since the users at the cell boundary are known to undergo a severe inter-cell interference in the next generation mobile communication systems with universal frequency reuse. Worse, the inter-cell interference will cause sharp degradation of system performance and can't be mitigated by enhancing the transmit power of desired signals. Luckily, the CoMP techniques which can cope with this problem is introduced in LTE-Advanced. CoMP shall also benefit the whole system capacity and increase the spectrum efficiency of users at the cell boundary [4] .
In this context, 3GPP started Long Term Evolution (LTE) project. Project based on OFDM/FDMA technology as the core, some improvement and Optimization Based on wireless network architecture and wireless interface, used to reduce the delay spread to increase data rate! to increase coverage and system capacity and reduce the operation cost of communication network. Although CoMP presents an evident significant advantage in terms of system capacity, throughput, spectrum efficiency and bit error rate, the system complexity is an aspect which we have to confront. Based on the previous research on CoMP, the CoMP technologies contain several kinds of schemes [5] .
In the joint processing system which is a classical CoMP system, the base station which generates the intercell interference to the target user also transmits the desired signal to the target user [6] . For this, the inter-cell interference is transmitted into useful signal, and all the transmitting base stations can process the transmitting data intended to the particular user jointly. Naturally, the received signal quality will be increased [7, 8] . A simple joint transmission system is depicted in Fig. 1 . It is a pity that the joint processing scheme will require a large number of data sharing and channel information by utilizing a high-speed optical fiber backbone. Therefore the system complexity is large inevitably. To avoid the burdensome data sharing and channel information, we can choose some other CoMP technologies which only need to exchange the channel information. An alternative scheme of CoMP termed coordinated beam forming needs only exchange the channel information [9, 10] . In this paper, we consider the downlink multi-cell coordinated beam forming system. In the downlink multicell coordinated beam forming system, it is indispensable to design appropriate pre-coding schemes that are able to mitigate the inter-cell interference [11] .
LTE many new performance requirements makes the 3G air interface technology of the traditional hard to meet their requirements, so we need to use a new air interface technology in the technical proposal, according to the duplex mode can be divided into two orthogonal ways for orthogonal frequency division multiple access mode and; according to the wireless link and modulation can be divided into OFDM and CDMA two ways. Uplink physical layer of LTE mainly focus on the research of SC FDMA, so as to achieve the peak to average power ratio (Peak terminal transmits to Average can be reduced, to reduce the volume and cost of the terminal. Downlink physical layer is mainly division multiple access, thus effectively improving the spectrum efficiency of uplink and downlink respectively by the two techniques, can be very good to get rid of restriction of CDMA core technology patent. Some works about pre-coding vectors designing have proposed schemes for eliminating the inter-cell interference for each user in multi-cell cooperative system [12] . The pre-coding vectors designing by maximizing the output signal-to-interference-plus-noise (SINR) for each user is known to be not available because of its coupled personality and no closed-form solution [13] . One more tractable but suboptimal precoding scheme is Block Diagonalizatiom (BD), which enforces the inter-cell interference of each user to zero [3, 9, 10] . The BD scheme requires global Channel State Information (CSI) and imposes a restriction on system configuration in terms of the number of antennas at base stations, that is to say, it call for the number of the transmitting antennas at base stations to be larger than the receive antennas. This requirement is indispensable in order that enough degrees of freedom are met for the zero-forcing solution to force the inter-cell interference to zero at each user.
In [14] , an alternative scheme of designing the precoding vectors was proposed, which will maximize the Signal-to-leakage-and-noise ratio (SLNR). The scheme transforms a coupled optimization problem in SINR scheme into a completely decoupled one and carries out an analytical closed-form solution for pre-coding vectors [15, 16] . Moreover, in contrast to the BD scheme, the SLNR solution does not require any dimension limitation on the number of transmit/receive antennas. It further takes the influence of noise into account and outperforms BD solution even when the dimension condition for BD solution is satisfied [17] .
In this paper, a novel SLNR method for the inter-cell interference mitigation in the downlink multi-cell coordinated beam forming system is proposed, which takes into account the effect of interference as well as the leakage-plus-noise based on the conventional SLNR precoding scheme, and optimizes the pre-coding vectors via iteration. Simulation results confirm that, the proposed method outperforms the original SLNR pre-coding scheme in bit error rate performance.
Both codebook-based pre-coding for FDD systems and non-codebook based pre-coding for TDD systems schemes can be considered in the next generation mobile communication system [18] . For FDD systems, the instantaneous channel in uplink and downlink are characteristically uncorrelated and only long term statistical properties such as a time average covariance matrix can be used. For TDD systems, however, since we can assume that uplink and downlink are at the same frequency, short-term pre-coding based on momentary channel knowledge can be considered. In this paper we discuss the downlink multi-cell coordinated beam forming system under TDD mode, which is the so-called TD-LTE system [19] .
The reminder of this paper is organized as follows. In Section II, we outline the system model of the downlink multi-cell coordinated beam forming system. In Section III we describe the pre-coding algorithm based on the conventional SLNR scheme [20] . In Section IV, we present a novel SLNR-based method and provide the detailed procedure of the proposed algorithm. In section V, we provide the simulation results and performance analysis, and Section VI concludes the paper.
Notations: ()
()   , and () E  denote, conjugate transpose, inverse, and expectation, respectively. II. SYSTEM MODEL We consider a downlink multi-cell coordinated beam forming system under TDD mode in this paper, which contains 3 Base Stations (BS's) and 3 paired users for description convenience with a frequency reuse factor equal to 1 as depicted in Fig.1 . In this paper, we especially consider the cell-edge users. Fig. 2 is a conceptual illustration of downlink multi-cell coordinated beam forming system, each base station only serves its own user utilizing pre-coding. We assume that each BS transmits the signal using M transmit antennas with precoding and each user receives the signal using a single antenna. The objective that all the base stations operate cooperatively is that the service quality of all the users can be guaranteed. In the TDD system, since the uplink and downlink work at the same frequency, that is to say, the reciprocity principle can be exploited between the uplink and downlink transmissions. Therefore the estimated channel in uplink can guide the downlink transmission, such as the design coefficient of pre-coding vectors in downlink can be obtained from estimated uplink channel. Then in our downlink multi-cell coordinated beam forming system user TDD mode, with the orthogonal pilot signal, we can assume that the user can estimate the channel information [6] and at the same time the BS can get the downlink channel information for pre-coding vectors designing via the reciprocity principle between the downlink and uplink. In the downlink multicell coordinated beam forming system, we could suppose that the maximum time delay of signals from all the cooperative cells is not longer than the CP length in order that the inter-symbol interference is not introduced in our downlink multi-cell coordinated beam forming system. i th base station to the k th user. We can assume the channel is a narrow-band channel, and then the received signal at the k th user at subcarrier n can be written by
where the second term is the inter-cell interference from other cells caused by the multi-cell nature of the system and the third term is the additive white Gaussion noise with
. For notational convenience, the index of n can be omitted in following fomulas. In the downlink multi-cell coordinated beam forming system in TD-LTE scenario, each base station can estimate the downlink channel from uplink transmissions to adjust the downlink transmission coefficients of pre-coding vectors by utilizing the channel reciprocity between uplink and downlink. At the input of the user, the SINR can be given by
In fact, the SINR at the receiver is usually considered as the measurement of performance evaluation. Therefore, we could also take the SINR expressed in (3) for k ={1,2,3} as an optimization criterion to choose the precoding vectors 3 1
{}
ii w  , which would be determined so as to maximize the SINR for each user k . However, the design of the pre-coding vectors pursuing the SINR optimization is challenging since all the pre-coding vectors {} i w are coupled [7] from the expression (3) and the optimization criterion.
In order to avoid the coupled problem, some previous works have tried to enforce the co-channel interference (CCI) to zero, therefore the pre-coding vectors {} i w can be determined according to , 0, , {1, , },
From the expression (4), the zero-forcing schmes will certainly result in good performance since the schemes cancel the interference completely. However, the schemes are considerably sensitive to some distortion or the interference which are not modeled and the system configuration in terms of the number of antennas must be met for determining the pre-coding vectors {} i w according to the expression (4). That is, the number of transmit antennas must be larger or equal to the number of all the receive antennas. Meanwhile, the signal-tonoise-ratio can not be satisfied in this solution because of having ignored the noise power in choosing the precoding vectors {} i w . For above reasons, an alternative approach for designing the pre-coding vectors become considerably promising, which will maximize SLNR at each user. The scheme need not the limitation on the number of transmit/receive antennas and need not solve the coupled problem like SINR scheme and most important of all, the performance of the system using the approach is better than that of the system utilizing zero-forcing solution. The method is so-called SLNR scheme as advanced in [5] and used in [8] .
Composition of 3G network is composed of base station, radio network controller, Serving GPRS support node and gateway GPRS support node 4 network nodes. The main function of RNC for wireless resource management network function, maintenance and operation of radio resource control are network management system interface. The major drawback of RNC for many of the features associated with the air interface in RNC, resulting in resource allocation and business can't be adapted to the channel, protocol structure is too complex, not conducive to system optimization. The main function of eNB is: In the attached AGW; send paging information and broadcasting information; dynamic radio resource allocation, radio resource management includes a plurality of cells; the measurement setup and provide eNB; control radio bearer; radio admission control: in connection mobility control "associated with the air interface functions are concentrated in the eNB activation state, wireless link control and media access control are in the same network node, which can be combined with optimization and design. EUTRAN architecture is shown in Figure 3 . In UTRAN, a radio network controller (RNC) between connected through Iur, Iur can be connected or connected through the transmission network through direct physical between RNC. RNC is used to allocate and control connected with or related to NodeB wireless resources. NedeB is complete conversion between Iub interface and Uu interface data flow, but also take part in radio resource management. This structure makes the load of RNC is very large, leading to many disadvantages: many of the features associated with the air interface in RNC, resulting in resource allocation and business can't be adapted to the channel, protocol structure is too complex, not conducive to system optimization.
Can be seen in the new LTE system, RNC and NodeB WCDMA system has been com., called E NodeB, in which eNB and AGW IbJ interface for connecting 51. The Iu PS interface, a 51 interface similar to the UTRAN, between eNB and eNB interface to XZ interface. Associated with the air interface functions are concentrated in the eNB, the radio link control (RLC) and media access control (MAC) are in the same network node, which can be combined with optimization and design. Thus the cross-layer resource allocation scheme provides a framework and a good platform for the operability of the implementation is greatly enhanced.
The wireless access network such as LTE will greatly simplify. The first base station will join wireless management and routing functions, this will reduce the level of the network, data transmission delay and call setup delay will be reduced, in order to meet the requirements of real-time data service. The radio resource management are implemented in eNB. The base station will become an access point, and the core network will not only support mobile access, and supports the fixed access. The core network in the future will be divided into mobile network and fixed network no longer, but only a full IP network, its structure is not vertical, but the plane.
III. THE CONVENTIONAL SLNR-BASED PRE-CODING ALGORITHM
From (2), Hw is the power of the interference caused by the base station k on the UE i in the i th cell. We thus define a quantity which denotes the leakage of the base station k to express the total power leaked from this base station k to all other UEs in other cells :  is the noise at the receiver. According to the concept of SLNR, we can design an optimization criterion on pre-coding which will maximize the SLNR. In detail, we could select the pre-coding vectors 3 1 {} ii w  so as to maximize the SLNR expressed in (5) subject to 2 1 i w  . We define a quantity k H :
which is an extended channel matrix that excludes 
This is a general Rayleigh entropy problem, and then the solution of expression (7) can be obtained from the solution of the general Rayleigh entropy problem. From [13] , we know that the solution of the expression (7) which will optimize the SLNR can be given by 21 max.
That is, the pre-coding vector o k w is the eigenvector corresponding to the largest egienvalue of the matrix w obtained from the SLNR criterion is evidently not optimal. Under normal circumastances, the system which has maximal SLNR does not always has maximal SINR. After all, the SINR criterion is usually considered as the measurement of the system performance evaluation. However, as mentioned before, optimizing SINR over the pre-coding vector k w is challenging and therefore we are now using the alternative SLNR criterion.
From the solution of the SLNR criterion, we know that the problem is not a coupled problem and the solution for pre-coding vector is an analytical closed-form solution. Moreover, in contrast to the BD scheme, the SLNR solution need not satisfy any dimension condition. It further takes the influence of noise into account and outperforms BD solution even when the dimension requirement for BD solution is satisfied. Therefore, the SLNR criterion is considered as the pre-coding scheme in our downlink multi-cell coordinated beam forming system reasonably.
IV. PROPOSED NOVEL SLNR-BASED PRE-CODING SCHEME
According to the conventional SLNR criterion, the precoding vectors are designed separately and need only exchange the channel information. Therefore the SLNR scheme has low complexity. In this section, we propose a novel SLNR method for the inter-cell interference mitigation in the downlink multi-cell coordinated beam forming system, which will maintain the structure of (5) and reserve the nature of low complexity. The novel scheme based on the conventional SLNR not only take into account the leakaged power to the USERs in other cells but also take the interference from other cells into consideration. To implement the novel scheme, we revise (5) as 
The novel scheme chooses the pre-coding vectors iteratively at the same time considering the interference from other cells and the leakged power and noise. There are 4 steps for implementing this scheme being described.
Obtain the channel coefficients from all the base stations to all the USERs. In our TDD system, the uplink and downlink transmissions are at the same frequency so that the reciprocity principle makes the estimated uplink channel guide the downlink transmission. So we can assume that the user can estimate the channel information using a pilot signal and the BS can get the channel information via the reciprocity principle between the downlink and uplink.
Solving the classical SLNR problem expressed in the (7), we can obtain the initial pre-coding vectors ,, www into (11), then solve the novel SLNR problem, we obtain the new pre-coding vectors 1 2 3 ,, w w w . Repeat the 3 step, update the pre-coding vectors iteratively.
Wireless communication system is a limited resource, how to use the limited system resources to meet the growing demand, has become the mobile communications equipment manufacturer and operation business problems to be solved. If there is no effective radio resource management strategies, transmission technology more advanced, more wide bandwidth will also can give full play to its advantages because of scheduling process is not appropriate. Packet scheduling is aimed at the characteristics of different packet data service, management and scheduling of packet data services. The basic problem to be solved for packet scheduling: when more than one packet traffic waiting to receive service, must determine reasonable service rules, arrange business flow sequence of service, business hours and the transmission packet bit rate, to meet the different QoS requirements of business flows.
The scheduler is a function entity for packet scheduling. The basic model of the scheduler in wireless communications was shown in figure 4 . Scheduler for scheduling is the first operations of the N queue, and then the packet processing, the last packet scheduling. A good scheduling algorithms guarantee user QoS requirements while maximizing the system capacity, to both throughput and user of the system's QoS requirements. In order to meet this requirement, the need to provide some information for the external scheduler, such as user channel conditions, data queue length. A comprehensive consideration of various factors, in the full use of channel state information and user service queue information at the same time, to reduce the signaling and other aspects of the cost, maximize the performance of the system. Since the mobile data business growth, many scholars believe that the high speed packet access will be the only way which must be passed the evolution of mobile communications. Considering the future mobile communication system is based on data traffic, in order to meet this demand, ensure real-time, non real-time, high speed, different service quality service at low speed, and at the same time on the radio resources to optimize use, need to use flow control technology, combined with the characteristics of wireless links, improve data throughput by grouping scheduling algorithm is advanced, guarantee user fairness and meet the industry QoS.
Wireless packet scheduling algorithm is a key technology of improving the system capacity, it is to maximize the system throughput as the goal, to guarantee the fairness among users as the premise, in order to ensure the quality of service requirements of different service flow based. Wireless packet scheduling algorithm is mainly assigned to which users of wireless resource decision what to communicate at any time, the wireless resources including time, frequency, code, or even subcarrier. The main function of wireless packet scheduling can be summarized as: sharing the air interface resources available in the packet transmission channel between users; determined for each user packet data transmission; load monitoring group distribution and system.
V. SIMULATION RESULTS
In this section, we will provide the simulation results to demonstrate the effectiveness of our proposals for the novel pre-coding scheme based on the conventional SLNR pre-coding scheme. We assume the channel is a quasi-static flat fading channel in our system. Without loss of generality, we consider the BER as the performance measurement to verify the advantage of our scheme in this paper.
In order to verify the system performance, the downlink multi-cell coordinated beam forming system in TD-LTE scenario needs a multi-cell interference model. As shown in Fig. 5 , this is a cellular system with 19 cells. The round dot denotes the base station in a hexagonal grid. We will select the cooperative base stations from the second tier and the rest are interference cells. The cooperative base stations will exchange the channel information but not signal information. On the one hand, to achieve better performance, the number of cooperative cells should be large enough. On the other hand, some factors limit the number of cooperative cells. For simplicity, in our downlink multi-cell coordinated beam forming system, we have simulated 3 cooperative cells where each base station is equipped with 2 transmit antennas, and each cell-edge user is equipped a single antenna.
Target Cell
Base Cell Figure 5 . Multi-cell model
The simulation parameters of the downlink multi-cell coordinated beam forming system under TDD mode are presented in Table I . Spatial Channel Model Extended (SCME) is considered as the channel model used in the simulations and the modulation is Quadrature Phase-Shift Keying (QPSK). Fig. 5 presents the BER performance comparison for various SNR. In the factual system and the simulation system, the FFT size is larger than the available subcarriers. From the simulation results, we know that the performance of the proposed pre-coding scheme termed the novel SLNR method for the inter-cell interference mitigation in downlink multi-cell coordinated beam forming system is better than the conventional SLNR pre-coding scheme. Fig. 6 compares the BER performance of BER performance in conventional SLNR pre-coding scheme with the novel SLNR method for the inter-cell interference mitigation in downlink multi-cell coordinated beam forming system. The ordinate axis represents BER and the abscissa axis represents Signal to Noise Ratio (SNR).
As Fig. 6 shows, for the inter-cell interference mitigation in multi-cell cooperating system, the BER performance of the novel SLNR method proposed in this paper outperforms about 1dB at the BER of 1 10 from the conventional SLNR pre-coding scheme. The simulation results show that, the proposed method outperforms the conventional SLNR pre-coding scheme in BER performance. Figure 6 . BER performance in the original SLNR pre-coding scheme and the novel SLNR method for the inter-cell interference mitigation in multi-cell cooperating system, with UE speed=3 km/h Figure 7 . The relationship between the cell throughput and the number of users. Figure 7 is the comparison between different schemes can obtain the cell throughput in different user number case. As shown in Figure 7 , the cell throughput for the suggested to use square markers of the curve of the scheme can be obtained, as the traditional PF algorithm can be obtained by circle markers curve cell throughput. This graph shows, when the user is small (the users within the cell number is less than 10), high throughput can be obtained by the traditional PF algorithm. Such as when the user number is 5, the traditional PF algorithm can achieve throughput for 3.7MbPs, the new scheme can improve the throughput of 2.gMbPs. This is mainly because the area of less number of users, the uplink interference between users is not too serious.
The new scheme considering the interference to the adjacent cell transmitting user uplink signal, resulting in a part of the adjacent cell interference users cannot obtain the service, thereby reducing the cell throughput of new scheme. But when more users (users within the cell number is greater than 10), the new scheme can obtain the cell throughput will be far greater than the traditional PF algorithm can achieve throughput, compared to the traditional PF algorithm, the new scheme can make the cell throughput increase about 20%. Such as when the user number is 100, the traditional PF algorithm can achieve throughput for 9.2MbPs, the new scheme can achieve throughput for llMbPs, the new scheme makes the cell throughput up to 20%. This is mainly because when more users within a cell, the uplink interference between users is more serious. The new scheme takes into account the interference user uplink signal to adjacent cells, as far as possible for users to choose the interference between adjacent cells and smaller PRB use, reduces the interference between adjacent cells, so as to enhance the cell throughput.
This chapter firstly introduces the classification of simulation technology, important meaning and function of the system level simulation in order to make the reader understand this. Then, this chapter introduces the system level simulation modeling method of the key modules in the system level simulation and the process design and parameter setting etc. On the basis of the proposed uplink interference coordination scheme for multi-cell cooperative scheduling based on simulated, and compared with the traditional PF algorithm, the simulation results show that the proposed scheme can effectively reduce interference between adjacent cells, thereby obtaining the cell throughput is high and cell edge throughput, and can better adapt to the users within the cell, the business of the.
VI. CONCLUSION
In this contribution, we consider downlink multi-cell coordinated beam forming system which can achieve the better system performance gain by carrying out preceding at the base station based on channel information. We have developed and evaluated a method of the novel SLNR method for the inter-cell interference mitigation in multi-cell cooperating system in the guidance of the view that the proposed method not only take into account the leak aged power to the UEs in other cells but also take the interference from other cells into consideration. The method includes the merits of the conventional SLNR pre-coding scheme. It has been observed that the scheme provides an improvement performance in comparison with the conventional SLNR pre-coding scheme in BER performance. In addition, the scheme also is available to improve the BER performance in the multi-user multiple input multiple output system where one base station equipped with multiple antennas will serve multiple users equipped with multiple antennas or a single antenna.
To further investigate the potential advantage of the SLNR pre-coding scheme in the multiple cooperating cells, some factual factors should be considered, such as the impacts of the uplink channel estimation process, the influence of the uplink channel sounding imperfection, etc. Also the applicable occasions of the SLNR precoding scheme need to be considered. Further, we need to simulate some system level evaluations to see the impact on system performance.
